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3 Euclid $\mathrm{E}^{3}$ (CMC) $H$ ( ) $H=0$ (
) Weierstrass
$g$ 1 $H\neq 0$ Kenmotsu $([\mathrm{K}])$ 2
$\mathrm{S}^{2}$
$g$ CMC
– $P$ $g$ Gauss Bryant $([\mathrm{B}])$ -
3 $\mathbb{H}^{3}(-c^{2})$ CMC $c$ Weierstrass
Lawson $([\mathrm{L}])$ $\mathrm{E}^{3}$ CMC $H0$ $\mathbb{H}^{3}$ (- ) CMC
$\sqrt{H_{0}^{2}+c^{2}}(\geqq c)$ ’ $($ \leqq $H_{0}^{2})$ 3 $\mathrm{S}^{3}(\text{ })$
CMC $\sqrt{H_{0}^{2}-c^{2}}$ – –
$\mathrm{E}^{3}$ CMC Gauss CMC ‘ ’
Bryant $\mathbb{H}^{3}(-c^{2})$ CMC $c$ Lawson
E3 Gauss
$\mathrm{E}^{3}$ $0$ CMC Lawson
$\mathbb{H}^{3}(-c^{2})$ CMC $H(>c)$ $\mathrm{S}^{3}(c^{2})$ CMC ( )
$\mathrm{S}^{2}$
$g$ Lawson $\mathrm{E}^{3}$ CMC
Gauss $g$ ([AA1], [AA2]) Bryant
$\mathbb{H}^{3}(-c^{2})=SL(2;\mathbb{C})/SU(2)$ $2\cross 2$
Kenmotsu-Bryant CMC
$\mathrm{S}^{2}$ [UY2] 2 Gauss
\S 1. [AA1] $\mathbb{H}^{3}(-c^{2})$ CMC $H(>c)$ Kenmotsu-Bryant
$\mathrm{E}^{3}$ Kenmotsu 2Gauss (generalized or
) Gauss Fujioka [F] $(-c^{2})$ CMC
$H(<c)$ Bryant Kenmotsu-Bryant
\S 2. [AA2]
$\mathrm{S}^{3}(c^{2})$ Kenmotsu-Bryant (generalized) Gauss
2 $\mathrm{S}^{2}$ CMC
2Gauss \S 3. 3 Lorentz $\mathrm{S}_{1}^{3}(c^{2})$ ,
995 1997 11-27 11
$\mathbb{H}_{1}^{3}(-c^{2})$ CMC Kenmotsu-Bryant $([\mathrm{A}\mathrm{A}1|, [\mathrm{A}\mathrm{A}3])$
Minkowski $\mathrm{L}^{3}$ CMC $H(\neq 0)$ Kenmotsu ([AN])
Gauss
( ) Riemann $l\mathcal{V}I$ $c$
$\dot{\circ}$
1 $\mathbb{H}^{3}(-c^{2})$ CMC
4 Minkowski $\mathrm{L}^{4}$ $2\cross 2$ Herm(2)
$\mathrm{x}=(x^{0},x^{1}, x^{2}, x^{3})\in \mathrm{L}^{4}$
$\underline{\mathrm{x}}=$
– Minkowski $\langle \mathrm{x}, \mathrm{x}\rangle=$ -det-x gxg* $(\mathrm{g}\in SL(2;\mathbb{C}))$
$SL(2;\mathbb{C})$ Herm(2) 3 $\mathbb{H}^{3}(-c^{2})=\{\underline{\mathrm{x}}\in$
Herm(2) $|$ det-x=1/ , $x^{0}>0$} $\mathbb{H}^{3}(-c^{2})$
$\mathbb{H}^{3}(-c^{2})=SL(2;\mathbb{C})/SU(2)=\{\frac{1}{c}\mathrm{g}\mathrm{g}^{*}|\mathrm{g}\in SL(2;\mathbb{C})\}$
( ) $f$ : $Marrow \mathbb{H}^{3}(-c^{2})$ $C^{\infty}$ $F:Marrow SL(2\cdot \mathbb{C})|$
$\frac{}1}{\text{ }FF^{*}=f$ $f$ frame frame $G:Marrow SL(2;\mathbb{C})$
$G\epsilon G^{*}$ ( $\epsilon=$ [A $-10]$ ) $f$ $G$ $f$
adapted frame
$f$ CMC frame $F$ 2
1. $f$ : $\mathit{1}\mathcal{V}Iarrow \mathbb{H}^{3}(-\mathrm{c}^{2})$ CMC $H$
$\Leftrightarrow$ $f$ frame $F:Marrow SL(2;\mathbb{C})$
$F^{-1}dF=\sigma_{\mathfrak{h}}+\sigma_{\mathrm{m}}$
(Lie $\epsilon \mathrm{t}(2;\mathbb{C})=\mathfrak{h}\oplus \mathrm{m},$ $\mathfrak{h}=\epsilon \mathrm{u}(2)$ )




1.1 $\mathbb{H}^{3}(-c^{2})$ CMC $H(>c)$ Kenmotsu-Bryant
$\mathbb{H}^{3}(-c^{2})$ CMC $H(>c)$ Kenmotsu-Bryant frame $F$ :
$Marrow SL(2;\mathbb{C})$ $\mathrm{S}^{2}$ 1 (1)
IHI3 $(-c^{2})$ CMC $c$ Bryant
frame $F$ : $Marrow SL(2;\mathbb{C})$ $F^{-1}$dF=( $\epsilon[(2;\mathrm{C})$- 1 )
$P_{1},$ $P_{2}$ $P_{1}$ : $\mathrm{S}^{2}\backslash \{(0,0,1)\}arrow \mathbb{C},$ $P_{2}$ : $\mathrm{S}^{2}\backslash \{(0,0, -1)\}arrow \mathbb{C}$
$\mathrm{S}^{2}$
$ds_{S}^{2}= \frac{4|d\xi|^{2}}{(1+|\xi|^{2})^{2}}$ $\overline{\mathbb{C}}=\mathbb{C}\cup\{\infty\}$
1 ($\mathbb{H}^{3}(-c^{2})$ Kenmotsu-Bryant ). $\Lambda/I$ Riemann
$z_{0}$ $z$ $g$ : $Marrow \mathrm{S}^{2}$
$g_{i}=P_{i}\circ g(i=1,2)$ $H_{0}$ $\mathrm{B}[(9.$ ;C$)$ - 1 $\alpha$
$\alpha=\{$
$\omega_{1}$ , $\omega_{1}=\frac{2\overline{((g_{1})_{\overline{z}})}}{H_{0}(1+|g_{1}|^{2})^{2}}dz$ , $.\mathrm{o}\mathrm{n}g^{-1}(U_{1})$ ,
$\omega_{2}$ , $\omega_{2}=\frac{2\overline{((g_{2})_{\overline{z}})}}{H_{0}(1+|g_{2}|^{2})^{2}}dz$ , on $g^{-1}(U_{2})$ .




$f= \frac{1}{c}FF^{*}$ $f$ : $l\mathcal{V}Iarrow \mathbb{H}^{3}(-c^{2})$ ( )
$f^{*}ds^{2}=(1+|g_{i}|^{2})^{2}\omega_{i}$ . CMC $H=\sqrt{H_{0}^{2}+c^{2}}$ Gauss
$K=H_{0}^{2}\{1-(|(g_{i})_{z}|/|(g_{i})_{\overline{z}}|)^{2}\}$





$f$ : $Marrow \mathbb{H}^{3}(-c^{2})$ adapted frame. $G:M$. $arrow SL(2;\mathbb{C})$
$h:Marrow SU(2)$ frame $F=Gh^{-1}$ $h$
$h^{-1}dh= \mu:=\frac{1}{2}$ .
$\rho$
$\phi$ 1 $f^{*}ds^{2}=\emptyset\cdot\overline{\emptyset}$ $\psi=-H\phi-\overline{\Psi\acute{o}\prime}$,
$\Phi:=\Psi\phi\cdot\phi$ Hopf $d \rho=-\frac{\sqrt{-1}}{2}K\phi\wedge\overline{\phi},$ $d\phi=-\sqrt{-1}\rho\wedge\phi$ ,
$d\psi=-\sqrt{-1}\rho\wedge\psi$ $d\mu+\mu\wedge\mu=0$
$g:=h\epsilon h^{*}$ : $Marrow \mathrm{S}^{2}$ $g$
$F^{-1}dF$ (1)
. $SL(2;\mathbb{C})$ $\overline{\mathbb{C}}$ ^ $\mathrm{g}[w]=\frac{\mathrm{g}_{11}w+\mathrm{g}_{12}}{\mathrm{g}_{21}w+\mathrm{g}_{22}}(\mathrm{g}=(\mathrm{g}_{ij})\in SL(2;\mathbb{C}), w\in\overline{\mathbb{C}})$
$g_{1}=h[\infty],$ $g_{2}=h[0]$
$g$ : $Marrow \mathrm{S}^{2}$ $f$ 2 Gauss CMC $H(|H|>c)$
$f$ : $Marrow \mathbb{H}^{3}(-c^{2})$ Lawson $\mathrm{E}^{3}$ CMC Gauss
Lawson $([\mathrm{L}])$ $f_{0}$ : $Marrow \mathrm{E}^{3}$
CMC $H_{0}(\geqq 0)$ – $ds_{0}^{2}$ , Hopf $\Phi_{0}$ $\Phi_{\theta}:=$
$e^{\sqrt{-1}\theta}\Phi_{0}(\theta\in[0,2\pi)),$ $H_{\text{ }}:=\sqrt{H_{0}^{2}+c^{2}}$ (resp. $\sqrt{H_{0}^{2}-c^{2}}$)
CMC $H_{c}$ Hopf $\Phi_{\theta}$ $f_{(c,\theta)}$ : $(M, ds_{0}^{2})arrow \mathbb{H}^{3}(-c^{2})$ (resp. $\mathrm{S}^{3}(c^{2})$ )
$\{f_{(\text{ },\theta)}\}$ $\mathbb{H}^{3}(-c^{2})$ CMC $H_{c}(\geqq c)$
(resp. $\lceil \mathrm{S}^{3}(c^{2})$ CMC $H$ $(<H_{0})$ ) $\mathrm{E}^{3}$ CMC $H_{0}$
$S^{1}$- 1 1 (Lawson ) $\{f_{c} :=f_{(\text{ },0)}\}$
1 ,9) CMC f , $\frac{\pi}{2}$ ) f
$\mathrm{E}^{3}$ CMC Gauss $\mathrm{S}^{2}$ Kenmotsu
CMC
2 (Kenmotsu [K]). $\mathit{1}\mathrm{t}^{;},I$ Riemann $\tilde{4}0$ $z$





$(- \frac{1}{2}(1-g_{1}^{2})\omega_{1},$ $- \frac{\sqrt{-1}}{9}.(1+g_{1}^{2})\omega_{1},$ $-g_{1}\omega_{1})$ on $g^{-1}(U_{1})$ ,
$(- \frac{1}{2}(1-g_{2}^{2})\omega_{2},$ $\frac{\sqrt{-1}}{2}(1+g_{2}^{2})\omega_{2},g_{2}\omega_{2})$ on $g^{-1}(U_{2})$ ,
$\omega_{i}=\frac{2\overline{(g_{i})_{\overline{z}}}}{H_{0}(1+|g_{i}|^{2})^{2}}dz$ .
$C^{\infty}$ $f$ : $Marrow \mathrm{E}^{3}$ –
$df= \frac{1}{2}(\gamma+\overline{\gamma})(:=\tau(0))$ , $f(z_{0})=0$ .
$f$ : $Marrow \mathrm{E}^{3}$ ( ) $ds^{2}=$
$(1+|g_{i}|^{2})^{2}\omega_{i}$ . CMC $H_{0}$ $g$ $f$ Gauss –
Kenmotsu-Bryant Kenmotsu 2
Gauss Umehara-Yamada [UY1] Bryant
VVeierstrass
3. $H_{0}$ $g:Marrow \mathrm{S}^{2}$ 1
$\mathbb{H}^{3}(-c^{2})$ CMC $H$ $=\sqrt{H_{0}^{2}+c^{2}}$ $f_{c}$ , frame $\ovalbox{\tt\small REJECT}$
(i.e. $F_{c}^{-1}dF\text{ }=\tau(c)$ ) 2 $\mathrm{E}^{3}$ CMC $H_{0}$
$F_{0}=f\mathrm{o}$ : $Marrow \mathrm{E}^{3}(\subset \mathbb{C}^{3})$ $<$ (i.e. $dF_{0}=\tau(0)$ )
$\{f_{\text{ }}\}$ f 1 $\mathcal{L}=\{(c, a)|c\in[0, \infty),$ $c=0$
$a\in \mathbb{C}^{3},$ $c>0$ $a\in SL(2;\mathbb{C})\}$ $\{\tau(c)\}(c\in[0, \infty))$
$c$ $(c, F_{\text{ }})$ : $\mathit{1}l/Iarrow \mathcal{L}(c\in[0, \infty))$ $c$
$\lim_{carrow 0}p(c)\circ f$ $=f\mathrm{o}$ . ( $p(c)$ : $\mathbb{H}^{3}(-c^{2})arrow \mathrm{E}^{3}$
)
1.2 Gauss
$f$ : $\mathit{1}l/Iarrow \mathbb{H}^{3}(-c^{2})$ $\mathrm{L}^{4}$ (generalized) Gauss
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$\mathrm{L}^{4}$ ( ) Grassmann $\mathrm{G}\mathrm{r}_{2}(\mathrm{L}^{4})$
$\mathbb{C}P_{1}^{3}$ 2 $\mathbb{Q}_{1}^{2}$ ( ) $\{\mathrm{v}_{1}, \mathrm{v}_{2}\}$
$[\mathrm{v}_{1}\wedge \mathrm{v}_{2}]$ $[\mathrm{v}_{1}+\sqrt{-1}\mathrm{v}_{2}]\in \mathbb{Q}_{1}^{2}$ –
$\mathbb{C}_{1}^{4}=(\mathbb{C}^{4}\cong \mathrm{g}\mathrm{I}(2;\mathbb{C}), \langle\cdot, \cdot\rangle)$ $\langle \mathrm{w}, \backslash \mathrm{v}\rangle=\frac{1}{2}\mathrm{t}\mathrm{r}(\underline{\mathrm{w}}J\overline{\underline{\mathrm{w}}}J)=-|w^{0}|^{2}+|w^{1}|^{2}+|w^{2}|^{2}+|w^{3}|^{2}$ ,
$J:=[_{-10}^{01}],$ $\underline{\mathrm{w}}=[_{w^{1}-\sqrt{-1}w^{2}w^{0}-w^{3}}w^{0}+w^{3}w^{1}+\sqrt{-1}w^{2}]\in \mathfrak{g}\mathfrak{l}(2_{\mathrm{j}}\mathbb{C})$
$\mathbb{C}P_{1}^{3}:=$ { $[\mathrm{w}]$ : $\mathrm{w},$ $0$ $\mathbb{C}_{1}^{4}$ }
$\mathbb{Q}_{1}^{2}:=\{[\underline{\mathrm{w}}]|\det\underline{\mathrm{w}}(=-(w^{0})^{2}+(w^{1})^{2}+(w^{2})^{2}+(w^{3})^{2})=0\}$ .
$SL(2;\mathbb{C})$ $\mathbb{Q}_{1}^{2}$ $g\cdot[\backslash \mathrm{v}]=[g-\mathrm{w}S^{*}]([\mathrm{w}]\in \mathbb{Q}_{1}^{2},g\in SL(2;\mathbb{C}))$
$\mathrm{G}\mathrm{r}_{2}(\mathrm{L}^{4})\cong \mathbb{Q}_{1}^{2}$
$\mathrm{G}\mathrm{r}_{2}(\mathrm{L}^{4})=\{[\mathrm{g}(_{10}^{00})\mathrm{g}^{*}]|\mathrm{g}\in SL(2;\mathbb{C})\}$
$=SL(2;\mathbb{C})/\mathbb{C}^{*}=\{\langle \mathrm{g}\rangle|\mathrm{g}\in SL(2;\mathbb{C})\}$ , $\mathbb{C}^{*}=\{(_{01/w}^{w0})|w\in \mathbb{C}\backslash \{0\}\}$ .
$\mathrm{G}\mathrm{r}_{2}(\mathrm{L}^{4})$
$(=(\zeta_{+}, (_{-})$ : $\mathrm{G}\mathrm{r}_{2}(\mathrm{L}^{4})arrow\overline{\mathbb{C}}\mathrm{x}\overline{\mathbb{C}}$ ; $(( \mathrm{g}_{ij})\rangle\mapsto(\frac{\mathrm{g}_{11}}{\mathrm{g}_{21}}, \frac{\mathrm{g}_{12}}{\mathrm{g}_{22}})$ .
$\overline{\mathbb{C}}\cross\overline{\mathbb{C}}$ $SL(2;\mathbb{C})$ $\overline{\mathbb{C}}\cross\overline{\mathbb{C}}$
$\overline{\mathbb{C}}$
$f$ : $Marrow \mathrm{L}^{4}$ (generalized) Gauss
$\mathcal{G}=[f_{x}\wedge f_{y}]=$ [$f_{\overline{z}}|$ : $Marrow \mathrm{G}\mathrm{r}_{2}(\mathrm{L}^{4})\cong \mathbb{Q}_{1}^{2}$
$\mathcal{G}_{+}:=\zeta_{+}\circ \mathcal{G},$ $\mathcal{G}_{-}:=\zeta_{-}$ $\mathcal{G}$ : $Marrow$ $\circ$
$\mathbb{H}^{3}$ (- ) ( ) $f$ : $Marrow \mathbb{H}^{3}(-c^{2})(\subset \mathrm{L}^{4})$ adapted frame
$G=(G_{ij})$ : $Marrow SL(2;\mathbb{C})$ (generalized) Gauss $\mathcal{G}=\langle G\rangle$






$\mathrm{L}^{4}$ $\{[\mathrm{v}]\in \mathrm{L}^{4}|\langle \mathrm{v}, \mathrm{v}\rangle=. 0\}$ Gauss





CMC $H$ $f$ : $\mathit{1}\mathcal{V}Iarrow \mathbb{H}^{3}(-c^{2})$ (generalized) Gauss $\mathcal{G}$ : $Marrow$
Gr2 $(\mathrm{L}^{4})=SL(2;\mathbb{C})/\mathbb{C}^{*}$ $\mathrm{S}^{3}(c^{2})$ $\mathbb{H}_{1}^{3}(-c^{2})$
$\mathcal{G}_{+}=\mathcal{G}_{h},$ $\mathcal{G}_{-}$
$H=c$ 2Gauss $g,$ $\mathcal{G}_{+}=\mathcal{G}h,$ $\mathcal{G}_{-}$
$([\mathrm{B}])$ $H>c$ 2 Gauss $g:Marrow \mathrm{S}^{2}$
$\frac{(\mathcal{G}_{h})_{\overline{z}}}{(\mathcal{G}_{h})_{z}}=\sqrt{\frac{H-c}{H+c}}\frac{(g_{1})_{\overline{z}}}{(g_{1})_{z}}$, $\mathcal{G}_{h}=F[g_{1}]=\frac{\partial F_{11}}{\partial F_{21}}=\frac{\partial F_{12}}{\partial F_{22}}$
$F=(F_{ij})$ : $Marrow SL(2;\mathbb{C})$ 1 ffame
1.3 $\mathbb{H}^{3}(-c^{2})$ CMC $H(|H|<c)$
Fujioka [F] $\mathbb{H}^{3}(-c^{2})$ CMC $H$ $(|H_{\text{ }}|<c)$ $\mathbb{H}^{3}(-c^{2})$
$S^{1}-$ 1 1 frame
$\mathbb{H}^{3}(-c^{2})$
$f_{c_{0}}$ : $i\vee Iarrow \mathbb{H}^{3}(-c_{0}^{2})$ – $ds_{0}^{2}$ , Hopf $\Phi_{0}$
$\Phi_{\theta}:=e^{\sqrt{-1}\mathit{9}}\Phi_{0}(\theta\in[0,2\pi)),$ $H_{c}:--\sqrt{c^{2}-c_{0}^{2}}$ CMC $H_{c}$
Hopf $\Phi_{\theta}$ $f_{(c,\theta)}$ : $(M, ds_{0}^{2})arrow \mathbb{H}^{3}(-c^{2})$
$\{f_{(c,\mathit{9})}\}$ $\mathbb{H}^{3}(-c^{2})$ CMC $H_{c}(<c)$ $\mathbb{H}^{3}(-c_{0}^{2})$




$f$ : $Marrow \mathbb{H}^{3}(-d)$ CMC $H(|H|<c)$ adapted frame $G$ : $Marrow SL(2;\mathbb{C})$
1 su(2)- 1 $\mu$ $|H|<C$
$\mathfrak{s}1$ (2; C)- 1 $\mu’$
$|H|<\mathrm{c}$ $d\mu’+\mu’\wedge\mu’=0$
$\mu’:=\frac{1}{2}[_{-(H+\sqrt{c^{2}-H^{2}})\overline{\phi}-\overline{\psi}}\sqrt{-1}\rho(H-\sqrt{c^{2}-H^{2}})\phi+\psi-\sqrt{-1}\rho]$ .
C\infty $F_{0}$ : $Marrow SL(2;\mathbb{C})$ $(F_{0})^{-1}dF_{0}=\mu’$
1 $-k^{2}$ 3 frame
$k=c_{0}:=\sqrt{c^{2}-H^{2}}$
$f_{0}$ : $Marrow \mathbb{H}^{3}(-*)$ adapted frame – Hopf
$f$ – $\mu’$
$\mathbb{H}^{3}(-c^{2})$ CMC $H(|H|<c)$ ( )
$\mathbb{H}^{3}(-c^{2})$ Kokubu [Kk]
[Kk] $ds_{K}^{2}= \frac{|d\xi|^{2}}{|(1+|\xi|^{2})(1-|\xi|^{2})|}$ $\overline{\mathbb{C}}$ ^
normal Gauss 3
normal $\mathrm{C}_{\mathrm{T}}\mathrm{a}\mathrm{u}\mathrm{s}\mathrm{s}$ $\nu$
$f$ : $Marrow \mathbb{H}^{3}(-c^{2})$ adapted frame $G–(G_{ij})$ : $Marrow SL(2;\mathbb{C})$
$SL(2;\mathbb{C})=N\cdot SU(2)(N=\{(01/a)aw|a>0, w\in \mathbb{C}\})$ $G=7lh$
$\nu=h[\infty]=\overline{\frac{G_{22}}{G_{21}}}$ Kokubu $ds_{K}^{2}$ $\mathrm{S}^{2}$
$\mathbb{H}^{2}$ Poincar\’e
2 Lorentz Kenmotsu(-Bryant) $\mathbb{H}^{2}$
\tau -‘--
2. $-1$ 3 $\mathbb{H}^{3}$ $f$ : $i\mathcal{V}Iarrow \mathbb{H}^{3}$





4 Euclid $\mathrm{E}^{4}$ $\mathrm{R}SU(2)$ $(x_{1}, x_{2}, x_{3}, x_{4})$
$\underline{\mathrm{x}}=$
– Euclid $\det \mathrm{x}$ $\mathrm{g}_{1}\underline{\mathrm{x}}\mathrm{g}_{2}^{*}$ $(\mathrm{g}_{1}, \mathrm{g}_{2}\in SU(2)$ $)$ $SU(2)\cross$
$SU(2)$ $\mathrm{R}SU(2)$ 3 $\mathrm{S}^{3}(c^{2})=\{\underline{\mathrm{x}}\in \mathrm{R}SU(2)| \det \mathrm{x}=1/c^{2}\}$
$\mathrm{S}^{3}(\text{ })$
$\mathrm{S}^{3}(c^{2})=\{\frac{1}{c}\mathrm{g}_{\mathrm{l}}\mathrm{g}_{2}^{*}|\mathrm{g}=(\mathrm{g}_{1},\mathrm{g}_{2})\in SU(2)\cross SU(2)\}$ ,
$=(SU(2)\cross SU(2))/\triangle$ , $\triangle:=\{(\mathrm{h},\mathrm{h})|\mathrm{h}\in SU(2)\}$
( ) $f$ : $Marrow \mathrm{S}^{3}(\text{ })$ $C^{\infty}$ $F=(F_{1}, F_{2})$ : $Marrow$
$SU(2)\cross SU(2)$ $f= \frac{1}{c}F_{1}F_{2}^{*}$ $f$ frame $\sqrt$-lFleF2*(\check .\tilde $=$
$[_{0-1}^{10}])$ $f$ $f$ adapted frame
2.1 $\mathrm{S}^{3}(c^{2})$ CMC Kenmotsu-Bryant
$\mathrm{S}^{3}(c^{2})$ ( ) CMC $\mathrm{E}^{3}$ CMC $H(\neq 0)$
Lawson Kenmotsu-Bryant
4 ($\mathrm{S}^{3}(c^{2})$ Kenmotsu-Bryant ). $l\mathcal{V}I$ Riemann
$z_{0}$ $z$ $g$ : $Marrow \mathrm{S}^{2}$
$g_{i}=P_{i}\circ g(i=1,2)$ $H_{0}\geqq c(>0)$ $\mathrm{B}[(_{\sim}9$ ;C$)$- 1 $\alpha$
$\alpha=\{$
$[_{1}^{-\sqrt{-1}g_{1}}$ $\sqrt{-1}g_{1}\mathit{9}_{1}^{2}]\omega_{1}$ , $\omega_{1}=\frac{2\overline{((g_{1})_{\overline{z}})}}{H_{0}(1+|g_{1}|^{2})^{2}}dz$, on $g^{-}.(U_{1})$ ,
$[_{-g_{2}^{2}}^{\sqrt{-1}g_{2}}$ $-\sqrt{-1}g_{2}-1]\omega_{2}$ , $\omega_{2}=.\frac{2\overline{((g_{2})_{\overline{z}})}}{H_{0}(1+|g_{2}|^{2})^{2}}dz.$ ’ on $g^{-1}(U_{2})$ .
$C^{\infty}$ $F=(F_{1}, F_{2}):Marrow SU(2)\cross SU(2)$ –
$F^{-1}dF= \frac{c}{2}\{\kappa’\alpha-\overline{\kappa}\alpha^{*}\}\oplus\frac{c}{2}\{-\overline{\kappa’}\alpha+\kappa\alpha^{*}\}$,
$F(z_{0})=\mathrm{i}\mathrm{d}$ , $\kappa=1+\frac{\sqrt{-1}c}{H_{0}+\sqrt{H_{0}^{2}-c^{2}}}$ .
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$f= \frac{}1}{\text{ }F_{1}F_{2}^{*}$ $f$ : $Marrow \mathrm{S}^{3}(\text{ })$ ( )
$f^{*}ds^{2}=(1+|g_{i}|^{2})^{2}\omega_{i}$ . CMC $H=\sqrt{H_{0}^{2}-c^{2}}$ Gauss
$K=H_{0}^{2}\{1-(|(g_{i})_{z}|/|(g_{i})_{\overline{z}}|)^{2}\}$
CMC $f$ : $Marrow \mathrm{S}^{3}(c^{2})$ $g$ :
$Marrow \mathrm{S}^{2}$
$g:Marrow \mathrm{S}^{2}$ $f$ 2Gauss 3 $SU(2)\cross SU(2)$
$\mathbb{C}^{3}$ Kenmotsu-Bryanat Kenmotsu
CMC $f$ : $Marrow \mathrm{S}^{3}(c^{2})$ 2Gauss Lawson
$\mathrm{E}^{3}$ CMC Gauss
2.2 (generalized) Gauss $\Xi|\ovalbox{\tt\small REJECT}$
$f$ : $Marrow \mathrm{S}^{3}(\text{ })$ $\mathrm{E}^{4}$ (generalized) Gauss
(cf. [HO])
$\mathrm{E}^{4}$ ( ) Grassmann $\mathrm{G}\mathrm{r}_{2}(\mathrm{E}^{4})$
$\mathbb{C}P^{3}$ 2 $\mathbb{Q}^{2}$ $\{\mathrm{v}_{1}, \mathrm{v}_{2}\}$
$[\mathrm{v}_{1}\wedge \mathrm{v}_{2}]$ $[\mathrm{v}_{1}+\sqrt{-1}\mathrm{v}_{2}]\in \mathbb{Q}^{2}$ –
$\mathbb{C}^{4}=(\mathbb{C}^{4}\cong \mathfrak{g}\mathfrak{l}(2;\mathbb{C}), \langle\cdot, \cdot\rangle)$ $\langle \mathrm{w}, \mathrm{w}\rangle=\frac{1}{2}\mathrm{t}\mathrm{r}(\underline{\mathrm{w}\mathrm{w}}^{*})=|w^{1}|^{2}+|w^{2}|^{2}+|w^{3}|^{2}+|w^{4}|^{2}$,
$\underline{\mathrm{w}}=[_{-w^{1}+\sqrt{-1}w^{2}w^{4}-\sqrt{-1}w^{3}}^{w^{4}+\sqrt{-1}w^{3}w^{1}+\sqrt{-1}w^{2}}]$ \in g $($2; $\mathbb{C})$
$\mathbb{C}P^{3}:=$ { $[\mathrm{w}]$ : $\mathrm{w},$ $0$ $\mathbb{C}^{4}$ }
$\mathbb{Q}^{2}:=\{[\underline{\mathrm{w}}]|\det\underline{\mathrm{w}}(=(w^{1})^{2}+(w^{2})^{2}+(w^{3})^{2}+(w^{4})^{2})=0\}$.
$SU(2)\cross SU(2)$ $\mathbb{Q}^{2}$ $g\cdot[\mathrm{w}]=[g_{1}\underline{\mathrm{w}}_{S_{2}^{*}}]([\mathrm{w}]\in \mathbb{Q}^{2}, \mathrm{g}=(\mathrm{g}_{1}, \mathrm{g}_{2})\in SU(2)\cross SU(2))$
$\mathrm{C}_{\mathrm{T}}\mathrm{r}_{2}(\mathrm{E}^{4})\cong \mathbb{Q}^{2}$
$\mathrm{G}\mathrm{r}_{2}(\mathrm{E}^{4})=\{[\mathrm{g}_{1}(_{10}^{00})\mathrm{g}_{2}^{*}]|(\mathrm{g}_{1}, \mathrm{g}_{2})\in SU(2)\cross SU(2)\}=SU(2)\cross SU(2)/U(1)\cross$ $U(\downarrow)$
$\cong\{(\mathrm{g}_{1}[\infty], \mathrm{g}_{2}[\infty])|(\mathrm{g}_{1}, \mathrm{g}_{2})\in SU(2)\cross SU(2)\}=\mathrm{S}^{2}\cross \mathrm{S}^{2}$ $(\mathrm{S}^{2}=(\overline{\mathbb{C}}, ds_{S}^{2}))$ .
$f$ : $Marrow \mathrm{E}^{4}$ (generalized) Gauss
$\mathcal{G}=[f_{x}\wedge f_{y}]=[f_{\overline{z}}]$ : $Marrow \mathrm{G}\mathrm{r}_{2}(\mathrm{E}^{4})\cong \mathbb{Q}^{2}$
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$\mathrm{G}\mathrm{r}_{2}(\mathrm{E}^{4})$
$\mathcal{G}=(\mathcal{G}_{1}, \mathcal{G}_{2})$ : $\mathit{1}\mathcal{V}Iarrow \mathrm{S}^{2}\cross \mathrm{S}^{2}$
$\mathrm{S}^{3}(c^{2})$ ( ) $f$ : $Marrow \mathrm{S}^{3}(c^{2})(\subset \mathrm{E}^{4})$ adapted frame
$G=(G_{1}, G_{2})$ : $Marrow SU(2)\cross SU(2)$ (generalized) Gauss
( ) $\mathcal{G}_{i}$ : $Marrow \mathrm{S}^{2}(i=1,2)$ $\mathcal{G}_{i}=G_{i}[\infty]$ $f$ : $Marrow \mathrm{S}^{3}(c^{2})$
CMC $H$ (generalized) Gauss $\mathcal{G}_{i}$ : $Marrow \mathrm{S}^{2}(i=1,9)\sim$ 2Gauss





$\frac{|g_{\overline{z}}|}{1+|g|^{2}}=\frac{|(\mathcal{G}_{i})_{\overline{z}}|}{1+|\mathcal{G}_{i}|^{2}}$ , $\frac{|g_{z}|}{1+|g|^{2}}=\frac{|(\mathcal{G}_{i})_{z}|}{1+|\mathcal{G}_{i}|^{2}}$ ,
$\mathcal{G}_{i}=F_{i}[-\sqrt{-1}g]=\frac{\partial B_{i}}{\partial A_{i}}=-\frac{\partial\overline{A_{i}}}{\partial\overline{B_{i}}}$ ,
$F=(F_{1}, F_{2})$ : $Marrow SU(2)\cross SU(2)$ 4 frame $F_{i}=$
5. CMC $H$ $f$ : $Marrow \mathrm{S}^{3}(c^{2})$ (generalized) Gauss $\mathcal{G}_{i}$ : $Marrow \mathrm{S}^{2}$
4 2Gauss CMC $H$ $f_{i}$ : $Marrow \mathrm{S}^{3}(c^{2})$
$f1,$ $f_{2}$ Hopf $\Phi_{1},$ $\Phi_{2}$ $f$
$\Phi_{1}=(\frac{H+\sqrt{-1}c}{\sqrt{H^{2}+c^{2}}})\Phi$ and $\Phi_{2}=(\frac{H-\sqrt{-1}c}{\sqrt{H^{2}+c^{2}}})\Phi$ .
$H=0$ $fi$ $f$
2.3 CMC 2 Gauss
2Gauss totally umbilic
CMC Clifford torus $\mathrm{S}^{1}(c_{1}^{2})\cross \mathrm{S}^{1}(e)\subset \mathrm{S}^{3}(c^{2})(c_{1}, c_{2}>0.,+_{\overline{c}_{2}}\mathrm{p}_{1}^{11}\tau=\text{ ^{}2}1)$
$l\mathcal{V}I=$ $l\mathcal{V}I$ universal covering $\mathit{1}\overline{\mathcal{V}}I=\mathbb{C}$ 2Gauss
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– 4| CMC $f$ : $Marrow \mathrm{S}^{3}(d)$ Riemannian universal covering
2Gauss $g$
Riemann $l\mathcal{V}I$ $\pi_{1}(M)$
3. $\gamma\in\pi_{1}(l\mathcal{V}I),$ $w\in \mathit{1}\mathcal{V}\tilde{I}$ $g(\gamma(w))=\rho(\gamma)[g(w)]$ $\rho=\rho_{g}$ :
$\pi_{1}(l\mathcal{V}I)arrow SU(2)$ –
Clifford torus $\mathrm{S}^{1}(c_{1}^{2})\cross \mathrm{S}^{1}(e)$
$f$ : $T^{2}:= \mathbb{C}/(\mathbb{Z}(\frac{2\pi}{c_{1}})\oplus \mathbb{Z}(\sqrt{-1}\frac{2\pi}{\text{ _{}2}}))arrow \mathrm{S}^{3}(c^{2})(\subset \mathrm{E}^{4})|$.
$f(z)=( \frac{1}{c_{1}}\cos c_{1}x,$ $\frac{1}{c_{1}}\sin c_{1}x,$ $\frac{1}{c_{2}}\cos o_{2}y,$ $\frac{1}{c_{2}}\sin c_{2}y)$ $(z=x+\sqrt{-1}y\in \mathbb{C})$ .
2Gauss $g(=g_{1})$
$g:\mathbb{C}arrow\overline{\mathbb{C}}$ ; $g(z)= \sqrt{-1}\tan(\frac{\sqrt{c_{1}^{2}+\xi}}{2}y)$ ,
$\sqrt{-1\mathrm{R}}\subset\overline{\mathbb{C}}$ Lavvson $\mathrm{E}^{3}$ cylinder
$\mathrm{R}^{1}\mathrm{x}\mathrm{S}^{1}(k^{2})$ Gauss $\rho=\rho_{g}$ : $\overline{l}\mathrm{r}_{1}(T^{2})=$
$\{m(\frac{2\pi}{\text{ }1})+\sqrt{-1}n(\frac{2\pi}{c_{2}})\in \mathrm{I}\mathrm{s}\mathrm{o}\mathrm{m}_{+}(\mathbb{C})|m,n\in \mathbb{Z}\}arrow SU(2)$
$\rho(m(\frac{2\pi}{c_{1}})+\sqrt{-1}n(\frac{2\pi}{c_{2}}))=[_{\sqrt{-1}\sin\frac{\frac{}{(}\text{ _{}2}n\sqrt{\text{ }^{}2}1+c_{2}^{2}\sqrt{\text{ _{}1}^{2}+c_{2}^{2}}}{c_{2}}n\pi)}^{\cos(\pi)}$
$\sqrt{-1}\sin\frac{\sqrt{\mathrm{c}_{1}^{2}+\mathrm{c}_{2}^{2}}}{\sqrt{c}^{2},c_{2^{+\text{ _{}2}}}21c_{2}n}n\pi)\cos(\frac{(}{}\pi)]$ .
(generalized) Gauss map $\mathcal{G}=(\mathcal{G}_{1}, \mathcal{G}_{2})$
$\mathcal{G}_{1}$ : $T^{2}arrow\overline{\mathbb{C}}$ ; $\mathcal{G}_{1}(z)=-e^{\sqrt{-1}(c_{1}x-\text{ _{}2}y)}$ ,
$\mathcal{G}_{2}$ : $T^{2}arrow\overline{\mathbb{C}}$ ; $\mathcal{G}_{2}(z)=e^{\sqrt{-1}(c_{1}x+c_{2}y)}.$ .
3 $\mathrm{S}_{1}^{3}(c^{2})$ $\mathbb{H}_{1}^{3}(-c^{2})$ CMC
3 Lorentz CMC
3 $\mathrm{M}\dot{\mathrm{i}}\mathrm{n}\mathrm{k}\mathrm{o}\backslash \mathrm{v}\mathrm{s}\mathrm{k}\mathrm{i}$ $\mathrm{L}^{3}$ CMC $H$ $H=0$ ( )
Weierstrass ( 1 )
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$([\mathrm{K}\mathrm{b}])$ $H\neq 0$ Kenmotsu
([AN]) 3 Lorentz CMC
Lawson de Sitter $\mathrm{S}_{1}^{3}$ ( ) anti-de Sitter $\mathbb{H}_{1}^{3}(-c^{2})$
CMC Lawson
$\mathrm{E}^{3}$ CMC $H_{0}(\geqq 0)$ $\mathrm{S}_{1}^{3}$ ( ) CMC $\sqrt{H_{0}^{2}+c^{\underline{)}}}$
$(\geqq c)$ $\mathbb{H}_{1}^{3}(-c^{2})$ CMC $\sqrt{H_{0}^{2}-c^{2}}$ $S^{1_{-}}$
1 1 $\mathrm{r}\mathrm{s}_{1}^{3}$ ( ) CMC $\sqrt{c^{2}-\not\in}(<c)$
$\mathrm{S}_{1}^{3}(d)$
$S^{1_{-}}$ 1 1
3.1 $\mathrm{S}_{1}^{3}(c^{2})$ CMC Kenmotsu-Bryant
$c^{2}$ 3 de Sitter $\mathrm{S}_{1}^{3}(c^{2})$ 4 $=$ Herm(2) $\mathrm{S}_{1}^{3}(\mathrm{c}^{2})=\{\underline{\mathrm{x}}\in$
Herm(2) $|$ $\det \mathrm{x}=-1/d\}$ 2 $SL(2;\mathbb{C})$
$\mathrm{S}_{1}^{3}(c^{2})=SL(2;\mathbb{C})/SU(1,1)=\{\frac{1}{c}\mathrm{g}\epsilon \mathrm{g}^{*}|\mathrm{g}\in SL(2;\mathbb{C})\}$ , $\epsilon=[_{0-1}^{10}]$
( ) $f$ : $Marrow \mathrm{S}_{1}^{3}$ ( ) $C^{\infty}$ $F:Marrow SL(2;\mathbb{C})$
$\frac{}1}{\text{ }F\epsilon F^{*}=f$ $f$ ffame $GG^{*}$ $f$
frame $G:Marrow SL(2;\mathbb{C})$ $f$ adapted ffame
Poincar\’e $ds_{D}^{2}= \frac{4|d\xi|^{2}}{(1-|\xi|^{2})^{2}}$ $\mathrm{D}$
6 ($\mathrm{S}_{1}^{3}$ ( ) Kenmotsu-Bryant ). $l\mathcal{V}I$ Riemann
$\tilde{\mathcal{L}}0$ $z$ $g:Marrow \mathrm{D}$
$H_{0}$ g (2; C)- 1 $\alpha$
$\alpha=\omega$ , $\omega=\frac{2\overline{(g_{\overline{z}})}}{H_{0}(1-|g|^{2})^{2}}dz$,




$f= \frac{}1}{\text{ }FeF^{*}$ $f$ : $Marrow \mathrm{S}_{1}^{3}$( ) ( )
$f^{*}ds^{2}=(1-|g|^{2})^{2}\omega\cdot\overline{\omega}$ CMC $H=\sqrt{H_{0}^{2}+c^{2}}$ $\mathrm{C}_{\mathrm{r}}\mathrm{a}\mathrm{u}\mathrm{s}s$
$K=-H_{0}^{2}\{1-(|g_{z}|/|g_{\overline{z}}|)^{2}\}$
CMC $H(|H|>\mathrm{c})$ $f$ : $Marrow \mathrm{S}_{1}^{3}$ ( )
$g:l\mathcal{V}Iarrow \mathrm{D}$
$\mathrm{S}_{1}^{3}$ ( ) CMC $c$ $\mathbb{H}^{3}$(- ) CMC $c$
Bryant $F^{-1}dF=$ ( g $($ 2; $\mathbb{C})-$ 1
) $F:Marrow SL(2;\mathbb{C})$ $\mathbb{H}^{3}$ (- ) CMC $c$ frame $\mathrm{S}_{1}^{3}$ ( )
CMC $c$ frame
3.2 $\mathbb{H}_{1}^{3}(-c^{2})$ CMC Kenmotsu-Bryant
$(2, 2)$ Euclid $\mathrm{E}_{2}^{4}$ $\mathrm{R}SU(1,1)$ $(x_{1}, x_{2}, x_{3}, x_{4})$
$\underline{\mathrm{x}}=$
– $(2, 2)$- -detx $\mathrm{g}_{1}\underline{\mathrm{x}}\mathrm{g}_{2}^{*}(\mathrm{g}_{1}, \mathrm{g}_{2}\in SU(1,1))$ $SU(1,1)\cross$
$SU(1,1)$ $\mathrm{R}SU(1,1)$ - 3 anti-de Sitter $\mathbb{H}_{1}^{3}$ (- ) $=\{\underline{\mathrm{x}}\in$
$\mathrm{R}SU(1,1)|\det\underline{\mathrm{x}}=$ 1/ } $\mathbb{H}_{1}^{3}$ (- )
$\mathbb{H}_{1}^{3}(-c^{2})=\{\frac{1}{c}\mathrm{g}_{\mathrm{l}}\mathrm{g}_{2}^{*}|\mathrm{g}=(\mathrm{g}_{1},\mathrm{g}_{2})\in SU(1,1)\cross SU(1,1)\}$ ,
$=(SU(1,1)\cross SU(1,1))/\triangle^{J}$ , $\triangle’:=\{(\mathrm{h}_{-}^{\rho},\mathrm{h}_{\vee}^{\rho})|\mathrm{h}\in SU(1,1)\}$
( ) $f$ : $Marrow \mathbb{H}_{1}^{3}$(-c ) $C^{\infty}$ $F=(F_{1}, F_{2})$ : $\mathrm{i}\mathcal{V}Iarrow$
$SU(1,1)\mathrm{x}SU(1,1)$ $f=$ $F_{1}F_{2}^{*}$ $f$ ffame $\sqrt$-IFI\epsilon F2*
$(\epsilon=[_{0-1}^{10}])$ $f$ $f$ adapted frame
7 ( $\mathbb{H}_{1}^{3}$(- ) Kenmotsu-Bryant ). $M$ Riemann
$z_{0}$ $z$ $g$ : $Marrow \mathrm{D}$
$H_{0}\geqq c(>0)$ $\mathfrak{g}\mathfrak{l}(2$ ;C$)$- 1 $\alpha$
$\alpha=[_{-g^{2}}^{\sqrt{-1}g}$ $\sqrt{-1}g1]\omega$ , $\omega=\frac{2\overline{(g_{\overline{z}})}}{H_{0}(1-|g|^{2})^{2}}dz$ ,
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$C^{\infty}$ $F=(F_{1}, F_{2})$ : $Marrow$. $SU(2)\cross SU(2)$ –
$F^{-1}dF= \frac{c}{9}.\{\kappa\epsilon\alpha-\overline{\kappa}\hat{c}\alpha^{*}\}\oplus\frac{c}{2}\{-\overline{\kappa}\alpha_{-}^{\rho}+\kappa\alpha^{*}\epsilon\}$ ,
$F(z_{0})=\mathrm{i}\mathrm{d}$ , $\kappa=1-\frac{\sqrt{-1}c}{H_{0}+\sqrt{H_{0}^{2}-c^{2}}}$ .
$f= \frac{1}{c}F_{1}F_{2}^{*}$ $f$ : $\mathit{1}\mathcal{V}Iarrow \mathbb{H}_{1}^{3}$ (- ) ( )
$f^{*}ds^{2}=(1-|g|^{2})^{2}\omega\cdot\overline{\omega}$ CMC $H=\sqrt{H_{0}^{2}-c^{2}}$ Gauss
$K=-H_{0}^{2}\{1-(|g_{z}|/|g_{\overline{z}}|)^{2}\}$
CMC $f$ : $\mathit{1}\mathcal{V}Iarrow \mathbb{H}_{1}^{3}$ (- )
$g:Marrow \mathrm{D}$
Lorentz Kenmotsu-Bryant Bryant
2 Gauss $g:\underline{(}\mathrm{t}/Iarrow \mathrm{D}$ (generalized) Gauss Riemann
4
Lawson [L] Fujioka [F] frame
Bryant
3 Euclid $f$ : $Marrow \mathrm{E}^{3}$ frame $\mathrm{E}^{3}$ (
double cover) $\mathrm{E}^{3}\cross SU(2)$ lift $F=(f, *)$ : $Marrow \mathrm{E}^{3}\mathrm{x}SU(2)$ adapted frame
$G=(f, h)$ : $Marrow \mathrm{E}^{3}\cross SU(2)$ $g=h_{\hat{\mathrm{b}}}h^{*}$ : $Marrow \mathrm{S}^{2}$ Gauss
Lawson CMC ambient space
( )
(CMC ) [F]




: CMC $H$ Lawson
1 3
$\vee\vee \mathrm{e}^{\backslash }\mathrm{I}\mathrm{e}\mathrm{r}\mathrm{s}.\dot{\mathrm{t}}|\{\lambda \mathrm{s}s\Phi^{1}/_{4}\backslash _{\mathrm{f}}\backslash ^{\backslash }$
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